Abstract: Long non-coding RNAs (lncRNAs), transcripts as longer than 200 nt in length with a great number of varieties in human genomics, play important roles in the regulation of genetics and epigenetics including gene transcription and post-transcription. Increasing evidence have demonstrated the upregulation of lncRNAs in tumorigenesis and metastasis of esophageal cancer (EC), a type of malignant tumors particularly in Asia. In this review, we briefly discuss the profiles and functions of lncRNAs involved in the progression of EC, which may provide a new approach to improve EC diagnosis and treatment.
Introduction
Esophageal cancer (EC) is the sixth common cause of cancer death worldwide and has become a major health concern, especially in Asia. 1 There are two primary forms of EC, eg, esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC). ESCC is the most prevalent type in eastern countries while EAC often occurs in the west. Despite wide application of radical esophagectomy and systemic chemo-radiotherapy, the overall 5-year survival rate of patients with ESCC remains extremely low. The morbidity and mortality of EC ranks fourth in the People's Republic of China, by following after lung cancer, gastric cancer, and liver cancer. 2 One of the main reasons for the low overall survival is the lack of appropriate molecular biomarkers for the early detection of EC.
Over the past decades, a large number of studies focused on aberrant expression of protein-coding RNAs in cancers, which provided many promising approaches for cancer diagnosis and treatment. In recent years, however, along with the advance of high-resolution microarray and genome-wide sequencing technology, increasing evidence obtained from the studies of genomics and transcriptomics suggest that non-coding RNAs can also be applied as new biomarkers for cancer detection and molecular targets for cancer therapy. 3 Based on the transcript lengths, the non-coding RNAs contain small non-coding RNAs, long non-coding RNAs (lncRNAs), and very long non-coding RNA. 4, 5 Among non-coding RNAs, lncRNAs have recently caught more attentions by identifying numerous of lncRNAs during the progression of multiple types of cancer.
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LncRNAs Definition
LncRNAs are commonly defined as a non-protein-coding molecule longer than 200 nucleotides in length. 8, 9 They can be classified depending on their location with respect to the mRNA gene, as shown in Figure 1 . 10 
Biological functions of lncRNAs
In past decades, the common knowledge suggested that long non-coding transcripts were simply transcriptional noises or cloning artifacts. 11, 12 Nonetheless, tight evolutionary conservation and strict gene regulation of lncRNAs predict that these transcripts are important in both normal physiological processes and abnormal pathological developments. [13] [14] [15] Wang and Chang distilled the myriad functions of lncRNAs into four archetypes of molecular mechanisms (Figure 2 ).
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LncRNAs and cancers
Correlation of lncRNAs to cancers
A number of studies demonstrated the deregulation of lncRNAs in cancers, suggesting that the aberrant expression of lncRNAs is associated with tumorigenesis, metastasis, and prognosis of cancer. For instance, H19, the first non-coding RNA was discovered as a tumor promoter in liver and bladder cancers; however, it appears to be a tumor suppressor shown in teratoma and nephroblastoma. 17, 18 Hirata et al reported that metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is highly expressed in human renal cell carcinoma tissues and associated with reduced patient survival. MALAT1 silencing decreased renal cell carcinoma cell proliferation and invasion and increased apoptosis. 19 In gliomas, the transcripts of the gene of Colorectal Neoplasia Differentially Expressed (CRNDE) are upregulated in both primary specimens from glioma patients and in vitro with cell lines. 20 Shi et al reported that the SPRY4 intronic transcript 1 (SPRY4-IT1) expression was significantly upregulated in 48 breast cancer tumor tissues as compared with the corresponding normal tissues. Additionally, the increased SPRY4-IT1 expression was found to be associated with a larger tumor size and advanced pathological stages in breast cancer patients. 21 Altogether, these results suggest that lncRNAs may play important roles in the development of cancer by their effects on either tumor promotion or tumor suppression.
Gene regulation by lncRNAs
In order to determine whether aberrant expression of lncRNAs is a cause for cancer or only a consequence of cancerous phenotype, numerous studies have investigated the biological functions of lncRNAs during the progression of cancer as well as mechanistic associations involved. To date, it has been reported that lncRNAs participate in genetic and epigenetic regulation including transcription, splicing, RNA decay, and translation.
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Correlation of lncRNAs to EC
Compared with the protein markers, lncRNAs are likely to be more useful biomarkers for cancer detection. Li et al screened lncRNA expression profiles in paired tumor and normal tissues from 119 patients with ESCC and predicted that three long-chain lncRNA signatures can be applied as independent prognostic factors for patients with different stages of ESCC. 23 These results suggest that lncRNA expression profiles may serve as new biomarkers for the prognosis of ESCC. In this review, we conclude the expression profiles of lncRNAs in EC and discuss several lncRNAs as the potential biomarkers for EC in Table 1 .
HOTAiR
HOTAIR is transcribed from HOXC locus on chromosome 12, it binds to polycomb and targets it to HOXD genes on chromosome 2. It has been shown to be highly induced in metastatic breast cancer and highly expressed in primary breast tumors. 24 The aberrant expression of overexpressed HOTAIR in liver, gastrointestinal stromal, pancreatic, and colorectal cancer has been found as well. [25] [26] [27] Additionally, we recently detected that HOTAIR was also overexpressed in ESCC tissues. In 78 cases of ESCC tissues vs adjacent noncancerous tissues, we found that elevated levels of HOTAIR expression were likely to be clinicopathologically associated with increased invasiveness, tumor metastasis, and advanced TNM (2009) stage classification. Furthermore, HOTAIR expression in ESCC tissues was determined to be closely associated with poor prognosis, indicating that HOTAIR may also be an indispensable prognostic indicator for patients in clinical settings. Elevated HOTAIR expression was correlated with increased occurrence of lymph node metastasis and lower overall survival rates. In vitro study, inhibition of HOTAIR expression was shown to decrease the invasiveness and migration of ESCC cells and significantly increase the response of ESCC cells to apoptosis induction. 28 Thus, elucidation of HOTAIR function relevant to ESCC may provide a new approach for ESCC diagnosis and treatment. The development of HOTAIR-based therapeutic strategies for the downregulation of such oncogenic lncRNAs may provide a novel and promising alternative therapeutic approach for future cancer treatment.
POU3F3
Lnc-POU3F3, a 747 nt transcript containing four exons, is located in the chromosome 2q12.1 on the reverse strand. It was reported that functional lnc-POU3F3 was overexpressed 
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Tang et al in high-grade glioma tissues and promoted cell viability and proliferation in glioma cells. 29 Li et al found that the level of POU3F3 was significantly higher in ESCC as compared with neighboring non-cancerous tissues. Overexpression of lnc-POU3F3 resulted in reduced expression of POU3F3 mRNA but increased cell tumorigenicity, whereas knockdown of lnc-POU3F3 increased the levels of POU3F3 mRNA. CpG islands in POU3F3 were densely methylated when lnc-POU3F3 was overexpressed in the cells. Consistently, the methylation at these sites was reduced by silencing lnc-POU3F3. Pharmacologic inhibition of EZH2 led to increased levels of POU3F3 mRNA by reducing binding of DNA methyltransferases to POU3F3, such as DNMT1, DNMT3A, and DNMT3B. 30 Subsequently, our previous studies demonstrated that plasma levels of POU3F3 are significantly higher in ESCC patients as compared with normal controls. 31 Therefore, lnc-POU3F3 may provide a useful tool for the early detection of ESCC.
TUG1
Taurine upregulated gene 1 (TUG1), a 7.1 kb lncRNA, was originally detected in a genomic screen for genes upregulated in response to taurine treatment of developing mouse retinal cells. 32 Xu et al collected 62 pairs of primary ESCC tissues and adjacent normal tissues from patients who had undergone surgery and discovered that TUG1 was significantly over-expressed in ESCC, and upregulation of TUG1 was associated with family history and upper segmental EC. A higher TUG1 expression of upper EC might be a predictive factor of the poorer clinical outcome. Detecting the free TUG1 abundance might be more convenient as a risk or prognostic factor in the future. Further, in vitro silencing TUG1 via siRNA inhibited the proliferation and migration of ESCC cells and blocked the progression of cell cycle. 33 Therefore, this study indicates that as a potential oncogene, TUG1 promotes proliferation and migration of ESCC cells.
FOXCUT
Mechanistic studies reported that a number of lncRNAs can functionally contact with their adjacent mRNAs to form lncRNA mRNA pair complexes in the gene regulatory networks. 34 Using bioinformatics analysis, Pan et al identified a pair of lncRNA-mRNA, FOXCUT, and FOXC1, which highly interacted in ESCC tissues compared with adjacent noncancerous tissues. FOXC1 and FOXCUT expression levels were significantly elevated in tumor samples from patients with the presence of metastasis and poor differentiation.
Upregulation of both FOXC1 and FOXCUT was correlated with aggressive clinicopathological characteristics, such as poor differentiation, advanced lymph node classification, and metastasis. And, patients with high expression of FOXCUT or FOXC1 had a significantly poor prognosis. These data suggest that high expression of FOXCUT or FOXC1 might play an important role in the tumorigenesis, development, progression of ESCC, and both of them may serve as prognostic biomarkers for ESCC patients. In general, patients with high levels of FOXCUT or FOXC1 experienced poor prognoses. 35 
PlncRNA-1
Prostate cancer long non-coding RNA 1 (PlncRNA-1), located on the human chromosome 8q24.21, was firstly discovered to be highly related to prostate cancer susceptibility. 36 Its silence can significantly inhibit the growth of prostate cancer cells by inactivation of androgen receptor. In addition, our study team used quantitative real-time polymerase chain reaction (qRT-PCR) to detect the expression level of PlncRNA-1 in 73 pairs of ESCC and their matched normal tissues and showed that PlncRNA-1 is also highly expressed in ESCC compared with adjacent non-cancerous tissues. The high level of PlncRNA-1 expression was significantly correlated with advanced clinical stage and lymph node metastasis. Furthermore, knockdown of PlncRNA-1 reduced cell proliferation and increased the apoptosis in vitro. 37 In conclusion, PlncRNA-1 plays an important role in ESCC cell proliferation. Overexpression of PlncRNA-1 is correlated with advanced tumor stage and lymph node metastasis, and may serve as a potential prognostic marker and therapeutic target for ESCC.
MALAT1
MALAT1 has been shown to express at a high level in multiple types of tumor such as non-small cell lung cancer and hepatocellular carcinoma. 38, 39 Recent studies demonstrated that overexpression of MALAT1 was found in 46.3% of ESCC tissues, mostly in advanced tumor tissues with larger tumor size and lymph nodes metastasis, indicating that MALAT1 may primarily participate in ESCC advancing but not initialization, which may be a promising biomarker for late-stage ESCC with metastasis. Inhibition of MALAT1 suppressed tumor growth in vitro and in vivo, as well as cell migratory and invasive capacity, confirming its oncogenic roles in ESCC. 40 Wang et al provided the first evidence that a post-transcriptional regulatory mechanism by which miR-101 and miR-217 negatively regulate MALAT1 in ESCC cells. Silencing of MALAT significantly suppressed the proliferation of ESCC cells by arresting cell cycle at G2/M, which may be due to MALAT1-mediated upregulation of p21 and p27 expression and/or the inhibition of B-MYB expression. Consistently, the capacities of invasion and migration of ESCC cells were inhibited after overexpression of miR-101, miR-217, or MALAT1 siRNA, which may be attributed to the deregulation of downstream target genes of MALAT1, such as MIA2, HNF4G, ROBO1, CCT4, and CTHRC1. 41 However, much more work is still required to determine the detailed mechanisms it functions in ESCC and the potentiality of MALAT1 as a therapeutic target for ESCC.
SPRY4-iT1
LncRNA SPRY4-IT1, a transcript from the second intron of the SPRY4 gene, was originally identified in adipose tissue. Our study showed that SPRY4-IT1 was also highly expressed in ESCC patients. The relative expression level of SPRY4-IT1 was associated with T stage, lymph node metastasis, and advanced pathologic stage of ESCC patients. Moreover, SPRY4-IT1 expression was not related to patients' age, sex, smoking status, alcohol consumption, or tumor location. In addition, SPRY4-IT1 high expression was correlated with lower overall survival rates and could be an independent prognostic factor in patients with ESCC. In vitro experiments showed that siRNA-mediated knockdown of SPRY4-IT1 significantly decreased proliferation and metastasis capability of KYSE30 and Eca109 cells. Knockdown of SPRY4-IT1 also significantly reduced tumor weight and volume in nude mice compared with control, suggesting that knockdown of SPRY4-IT1 can suppress the development of ESCC in vivo. 42 These findings indicate that SPRY4-IT1 may be a prognostic biomarker and a therapeutic target of ESCC in future.
H19
Bartolomei et al firstly discovered lncRNA H19 in 1991, which was associated with multiple human carcinomas. [43] [44] [45] [46] Gao et al detected loss of imprinting (LOI) of IGF2 in 276 samples and analyzed methylation status of H19 DMR. Patients with LOI of IGF2 in their tumor had deeper degree of lymph node involvement and were more likely to occur metastasis than those with MOI of IGF2.
In addition, they found that H19 CBS6 hypermethylation is related to LOI of IGF2 in human ESCC and IGF2 LOI usually leads to an overexpression of IGF2, which was correlated with lymph node involvement, neoplastic grade, and tumor metastasis. 47 Therefore, H19 CBS6 methylation potentially represents a novel clinically relevant epigenetic marker to identify individuals at increased risk for the occurrence, progression, and prognosis of ESCC.
UCA1
It was discovered that the relative levels of UCA1 were significantly higher in ESCC tissues than the adjacent non-cancerous tissues. The expression level of UCA1 was associated with tumor differentiation, clinical stage, and lymph node metastasis of ESCC patients. However, lncRNA UCA1 expression was not correlated with patient's age, sex, and tumor location. Consistently, remarkably higher expression of UCA1 was also observed in EC cell lines compared with the immortalized esophageal epithelial cell line NE1 60. SiRNA-mediated knockdown of UCA1 significantly decreased proliferation, migration, and invasion capability of EC cells compared with the control group, which indicated that downregulation of UCA1 can suppress the development of EC. 48 These findings demonstrated that UCA1 is a potential diagnostic and therapeutic target in patients with ESCC in the future.
PeG10
PEG10 is a retrotransposon-derived gene adapted through mammalian evolution located on the human chromosome 7q21, which codes for at least two proteins, PEG10-RF1 and PEG10RF1/2. Zang et al investigated the expression of lncRNA PEG10 in a cohort of EC to assess its impact on EC cell proliferation, apoptosis, and invasion. qRT-PCR was used to quantify the expression levels of lncRNA PEG10 in 43 paired EC tissues and adjacent non-neoplastic tissues. Cell growth, apoptosis, and transwell invasion assays were used to evaluate the effects of lncRNA PEG10 in EC cells. The result showed that lncRNA PEG10 was expressed at higher levels in EC tissues than in adjacent non-neoplastic tissues. This relatively high expression was significantly associated with the occurrence of lymph node metastases. Downregulation of lncRNA PEG10 decreased the expression of PEG10. These results indicated that PEG10 is upregulated in EC tissues, and its downregulation inhibits proliferation and invasion, and promotes apoptosis in EC cells. 49 LncRNA PEG10 may serve as a therapeutic agent in EC.
AFAP1-AS1
Alterations in methylation of protein-coding genes are associated with Barrett's esophagus and EAC. Wu 
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Tang et al expression of AFAP1-AS1, its role in cell proliferation and apoptosis, and its effect on cell migration and invasion suggest that dysregulated expression of AFAP1-AS1 is involved in development or progression of EAC. Proliferation assays showed that inhibition of AFAP1-AS1 by siRNA diminished cell proliferation. Furthermore, treatment with siRNA inhibited colony formation and reduced migration and invasion. 50 Taken together, these findings suggest that AFAP1-AS1 is a functional lncRNA in human EAC cells and the potential utility of AFAP1-AS1 as a biomarker of EAC.
HNF1A-AS1
LncRNA HNF1A-AS1 is located on the human chromosome 12q24.31. Yang et al reported that HNF1A-AS1 is remarkably upregulated in human primary EACs compared with their corresponding normal esophageal tissues. Knockdown of HNF1A-AS1 in EAC cells significantly inhibited proliferation and anchorage-independent growth by inhibiting S-phase entry, invasion, and migration. Further mechanistic studies revealed that HNF1A-AS1 knockdown preferentially affect gene expression due to assembly of chromatin and the nucleosome, which is essential for cell-cycle progression. As discussed earlier, H19, as a well-known cancer-related lncRNA, is inhibited by HNF1A-AS1 knockdown, indicating a functional correlation between HNF1A-AS1 and H19 in primary EACs.
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LOC285194
The lncRNA LOC285194, also called LSAMP antisense RNA 3, consisting of four exons with 2105 bases in length is located on the human chromosome 3q13.31. It was first reported to be a tumor suppressor unit in osteosarcoma and depletion of this lncRNA promoted proliferation of normal osteoblasts through regulation of apoptotic and cellcycle transcripts as well as VEGF receptor 1.
52 Decreased LOC285194 expression has been reported in several cancers, and was strongly associated with malignant potential and poor patient prognosis. 53, 54 Our previous studies demonstrated that LOC285194 expression was significantly downregulated in ESCC tumor tissues when compared with the adjacent normal tissues. Low expression of LOC285194 was associated with larger tumor size, advanced TNM stage, more lymph node metastases, and distant metastases. Univariate analysis revealed that low expression of LOC285194 was significantly correlated with chemoradiotherapy response. Furthermore, decreased expression of LOC285194 could potentially serve as a molecular marker to predict the clinical outcomes of ESCC patients after surgery, and select patients who will benefit from the preoperative chemoradiotherapy. 55 
Conclusion
Although increasing evidence showed that multiple lncRNAs are involved in the progression of EC, the biological function of lncRNA in EC retains elusive, in particular lncRNAs do not have strong genomic footprints either inherently or heterogeneously and lack the underlying mechanism involved in EC metastasis as well. The relationship between lncRNAs and EC is currently under investigation. Particularly, high technologies such as gene chip, high-throughput profiling, and bioinformatics will be greatly beneficial for increasing our understanding of the expression profile and function of lncRNA in cancer. Overall, integration of biogenesis of lncRNA in the progression of EC is considered to provide a promising approach for EC diagnosis and treatment.
OncoTargets and Therapy
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal OncoTargets and Therapy is an international, peer-reviewed, open access journal focusing on the pathological basis of all cancers, potential targets for therapy and treatment protocols employed to improve the management of cancer patients. The journal also focuses on the impact of management programs and new therapeutic agents and protocols on patient perspectives such as quality of life, adherence and satisfaction. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
